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@ A method of producing a solid oxide fuel cell 
which has a generating section (4) composed of a 
fuel electrode (1), a solid electrolyte (2) and an air 
electrode (3), and interconnectors (5). A glass-con- 
taining joining agent (8) is put among an edge of the 
generating section and edges of the interconnectors. 
Then, the glass-containing joining agent is heated 
and fused, and the edges of the interconnectors are 
connected to the edge of the generating section 
when the glass-containing joining agent is cooled. 
The joining agent may be a green sheet (8) made of 
a glass-containing material or made of a mixture of 
glass and ceramics, or a thin plate made of a glass- 
containing material. 
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[Technical Field] 

The present invention relates to a method of 
producing a solid oxide fuel cell. 

[Background Art] 

Fig. 3 shows the general structure of a planar 
solid oxide fuel cell. A fuel electrode 21, a solid 
electrolyte 22 and an air electrode 23 are lanninated 
to form a generating section 24, which is the mini- 
mum unit of a fuel cell. In the generating section 
24, hydrogen and air (oxygen) which are supplied 
from outside react to each other on the electrodes, 
and thereby, electrical energy is generated. 

Generally, in order to obtain a high voltage, a 
plurality of generating sections 24 are electrically 
connected in series, actually, are piled with inter- 
connectors 25 thereamong. The interconnectors 25 
prevent hydrogen supplied to the fuel electrodes 

21 and air (oxygen) supplied to the air electrodes 

23 from mixing together and also function as elec- 
tronic conductors to electrically connect the gen- 
erating sections 24 in series. A generating section 

24 and two interconnectors 25 which sandwich the 
generating section 24 are called a cell. 

Each interconnector 25 has grooves 26 on both 
sides, and the grooves 26 on one side and those 
on the other side extend in mutually perpendicular 
directions. The grooves 26 which face the fuel 
electrode 21 are a passage of hydrogen, and the 
grooves 26 which face the air electrode 23 are a 
passage of air (oxygen). The fuel electrode 21 and 
the air electrode 23 are smaller than the solid 
electrolyte 22. In Fig. 3. the fuel electrode 21 and 
the air electrode 23 are laid over the portions of the 
solid electrolyte 22 enclosed with the dashed lines. 
The portions of the solid electrolyte 22 outside the 
dashed lines have a width equal to the width of 
ungrooved edges of the interconnectors 25. Ac- 
cordingly, the ungrooved edges of the interconnec- 
tors 25 are to be connected and the solid elec- 
trolyte 22, and the grooved portions on both sides 
thereof are to be connected to the fuel electrode 21 
and the air electrode 23 respectively. For the con- 
nections between the grooved portions of the inter- 
connectors 25 and the fuel electrode 21 and the air 
electrode 23, a conductive material is used as the 
joining agent. On the other hand, for the connec- 
tions between the ungrooved edges of the intercon- 
nectors 25 and the solid electrolyte 22. a material 
with a gas sealing function is used as the joining 
agent in order to seal the inside of the solid oxide 
fuel cell and to prevent hydrogen and air (oxygen) 
from mixing together. 

The connections between the ungrooved edges 
of the interconnectors 25 and the solid electrolyte 

22 have been conventionally carried out as follows. 
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The gas sealing portions (ungrooved edges) 27 of 
the interconnectors 25 are coated with a glass- 
containing material in a slurry state and are put into 
contact with the generating section 24. Then, while 

5 a weight is being applied to the interconnectors 25 
and the generating section 24, the glass-containing 
material is heated and fused. Thereafter, when the 
glass-containing material is cooled and hardened, 
the gas sealing portions 27 are connected to the 

10 solid electrolyte 22 of the generating section 24. 

In the method, since a glass-containing ma- 
terial in a slurry state is used, it is difficult to form 
glass layers with an even thickness, and voids are 
likely to occur on the interfaces. In other words, 

75 there is a high possibility that the fuel cell does not 
have a sufficient airtightness. Thus, this method 
has a disadvantage that many defective products 
are made in this step of joining interconnectors and 
generating sections. During operation of the fuel 

20 cell at a temperature of about 1000'C . the glass- 
containing material melts into liquid and therefore 
functions as a sealant effectively. However, as the 
fuel cell is operated long, the glass-containing ma- 
terial is flowing out and losing the function as a 

25 sealant. 

In the light of the problem, Japanese Patent 
Laid Open Publication No. 3-67466 disclosed that a 
material in a slurry state which is a mixture of a 
liquid glass-containing material and a ceramic filler 

30 is used. 

In this method, when a weight is applied to the 
interconnectors 25 and the generating section 24. 
the slurry may come out of the connecting por- 
tions. Thereby, the connecting portions may have 

35 an uneven thickness, and the generating section 24 
and the interconnectors 25 may be contaminated. 
Also, there is a possibility that a fire-resisting article 
which is used as the weight adheres to the gen- 
erating section 24 because of the slurry which 

40 comes out of the connecting portions. In this case, 
in separating the weight from the generating sec- 
tion 24, the generating section 24 may be damag- 
ed by glass contained in the slurry. 

For even coating of a material in a slurry state. 

45 screen printing is conventionally adopted. However, 
screen printing is available only for flat surfaces 
and requires a screen formed pattern in conformity 
with the configuration of the surface. As far as 
joining of the interconnectors 25 to the generating 

50 section 24 is concerned, considering that two dif- 
ferent materials must be coated on neighboring 
portions (the gas sealing portions 27 of the inter- 
connectors 25 must be coated with a glass-contain- 
ing material, while the grooved portions must be 

55 coated with a conductive material), coating by 
screen printing is very difficult. 
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[Disclosure of the Invention] 

An object of the present invention is to provide 
a method of producing a solid oxide fuel cell, in 
which the following problems which may occur in 
joining interconnectors to a generating section 
which is composed of a fuel electrode, a solid 
electrolyte and an air electrode can be prevented: 

glass layers formed as the connecting layers 
among edges of the interconnectors and edges of 
the generating section have an uneven thickness; 

a joining agent comes out of the connecting 
portions, thereby making the thickness of the con- 
necting portions uneven, contaminating the gen- 
erating section and/or the interconnectors. and/or 
making a fire-resisting article which is used as a 
weight stick to the generating section; and 

voids occur on the interfaces, thereby degrad- 
ing the airtightness of the fuel cell. 

In order to attain the object, a method of pro- 
ducing a solid oxide fuel cell comprises the steps 
of: putting a green sheet made of a glass-contain- 
ing material or of a mixture of glass and ceramics 
or a thin plate made of a glass-containing material 
between an edge of an interconnector and an edge 
of a generating section which is formed by a fuel 
electrode, a solid electrolyte and an air electrode; 
and connecting the edge of the interconnector to 
the edge of the generating section by heating and 
fusing the green sheet or the thin plate and there- 
after cooling the green sheet or the thin plate. 

Since the joining agent is a green sheet made 
of a glass-containing material or of a mixture of 
glass and ceramic, or a thin glass plate not con- 
taining a binder and other organic substances, the 
joining agent does not come out of the connecting 
portions when a weight is applied. Therefore, a 
connecting layer with an even thickness, a high 
airtightness and no voids can be formed without 
contaminating the generating section and the inter- 
connectors. 

[Brief Description of the Drawings] 

This and other objects and features of the 
present invention will be apparent from the follow- 
ing description with reference to the accompanying 
drawings, in which: 

Fig. 1 is an exploded perspective view of a cell 
of a solid oxide fuel cell according to the 
present invention; 

Fig. 2 is a side view of the cell of the solid oxide 
fuel cell of Fig. 1; and 

Fig. 3 is an exploded perspective view of a cell 
of a conventional solid oxide fuel cell. 



[Best Mode for Carrying out the Invention] 

Preferred embodiments of the present inven- 
tion are described with reference to the accom- 
5 panying drawings. 

Fig. 1 is an exploded perspective view of a cell 
of a solid oxide fuel cell which can be produced by 
methods according to the present invention. Fig. 2 
is a side view of the cell viewed from a side where 
10 air is supplied thereto. 

First Embodiment 

A planar solid oxide fuel cell has a general 
75 structure as shown in Figs. 1 and 2. A fuel elec- 
trode 1 , a solid electrolyte 2 and an air electrode 3 
are laminated to form a generating section 4, which 
is the minimum unit of the solid oxide fuel cell. In 
the generating section 4, hydrogen and air (oxy- 
20 gen) supplied from outside react to each other on 
the electrodes, and thereby, electric energy is gen- 
erated. 

In order to obtain a high voltage, a plurality of 
generating sections 4 are electrically connected in 

25 series, actually, are piled with interconnectors 5 
thereamong. The interconnectors 5 prevent hydro- 
gen supplied to the fuel electrodes 1 and air (oxy- 
gen) supplied to the air electrode 3 from mixing 
together and also function as electronic conductors 

30 to electrically connect the generating sections 4 in 
series. A generating section 4 and two interconnec- 
tors 5 which sandwich the generating section 4 are 
called a cell. 

Each interconnector 5 has a plurality of 

35 grooves 6 on both sides, and the grooves 6 on one 
side and those on the other side extend in mutually 
perpendicular directions. The grooves 6 which face 
the fuel electrode 1 are a passage of hydrogen, 
and the grooves 6 which face the air electrode 3 

40 are a passage of air (oxygen). The fuel electrode 1 
and the air electrode 3 are smaller than the solid 
electrolyte 2. The fuel electrode 1 and the air 
electrode 3 are laid over the portions of the solid 
electrolyte 2 enclosed with the dashed lines. The 

45 portions outside of the dashed lines have a width 
equal to the width of ungrooved edges of the inter- 
connectors 5. Accordingly, the ungrooved edges of 
the interconnectors 5 are to be connected to the 
solid electrolyte 2, and the grooved portions on 

50 both sides thereof are to be connected to the fuel 
electrode 1 and the air electrode 3 respectively. 
For the connections between the grooved portions 
of the interconnectors 5 and the fuel electrode 1 
and the air electrode 3. a conductive material 9 is 

55 used as the joining agent (see Fig. 2). 

On the other hand, for the connections be- 
tween the ungrooved edges of the interconnectors 
5 and the solid electrolyte 2, a material with a gas 
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sealing function is used as the joining agent in 
order to seal the inside of the solid oxide fuel cell 
and to prevent hydrogen and air (oxygen) from 
mixing together. Therefore, green sheet strips 8 of 
a glass-containing material are provided on the gas 
sealing portions (ungrooved edges) 7 of the inter- 
connectors 5. Then, the green sheet strips 8 are 
put into contact with the solid electrolyte 2, and the 
strips 8 are heated and fused. Thereafter, when 
they are cooled and hardened, the gas sealing 
portions 7 of the interconnectors 5 are connected 
to the solid electrolyte 2. 

Now, the green sheet strips 8 of a glass- 
containing material are described in detail. 

A proper volume of binder (polyvinyl butyral 
binder) and a proper volume of solvent (ethanol or 
toluene) are added to a powdery glass-containing 
material, and thereby, the glass-containing material 
is changed into slurry. The glass-containing ma- 
terial in a slurry state Is made into a green sheet 
with a specified thickness by a doctor blade meth- 
od. In this embodiment, the glass-containing ma- 
terial is actually a material whose main constituent 
is silica. Any material which has the following char- 
acteristics can be used as the glass-coating ma- 
terial: not reacting to any part of the generating 
section 4, that is, any of the fuel electrode 1 , the 
solid electrolyte 2 and the air electrode 3; having a 
coefficient of thermal expansion which is substan- 
tially equal to those of the generating section 4 and 
the interconnectors 5: and functioning as a joining 
agent while being under temperatures from its soft- 
ening point to a working temperature. 

Next, the green sheet is cut into strips 8 of a 
shape corresponding to the connecting portions, 
that is, the edges of the generating sections 4 and 
the ungrooved edges of the interconnectors 5. An 
adhesive not containing a solvent is coated on both 
sides of the strips, and thereafter, the strips 8 are 
put among the generating section 4 and the inter- 
connectors 5. Then, the generating section 4 and 
the interconnectors 5, while being loaded with a 
proper weight, actually being pushed by a fire- 
resisting article, are burned at a temperature of 
12O0'C. In this way, a cell is obtained. 

A section of the cell was examined with a 
scanning type electron microscope (SEM). It was 
not seen that glass came out of the joints, and it 
was detected that the glass on the joints has an 
even thickness. Also, there were no traces of the 
fire-resisting article on the cell, and it can be in- 
ferred that sticking of the fire-resisting article to the 
cell did not occur. 

In this method, even if the connecting surfaces 
are of a complicate shape, they can be connected 
successfully. Therefore, limitation on the design 
can be eased. Since the joining agent is not in a 
slurry state, it is not likely that glass will flow out of 
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the agent as the cell is operated long, and accord- 
ingly, there is no fear that the joining agent will lose 
the gas sealing function. Further, the joining step in 
this method is simpler than that of a conventional 
5 method. 

Second Embodiment 

A second embodiment is a method using a 

70 glass plate to connect the gas sealing portions of 
the interconnectors and the generating section. The 
second embodiment is described with reference to 
Figs. 1 and 2. 

A proper volume of binder (polyvinyl butyral 

75 binder) and a proper volume of solvent (ethanol or 
toluene) are added to a powdery glass-containing 
material, and thereby, the glass-containing material 
is changed into slurry. The glass-containing ma- 
terial is a material which does not react any part of 

20 the generating section 4, that is, any of the fuel 
electrode 1. the solid electrolyte 2 and the air 
electrode 3, for example, a material whose main 
constituent is silica. Also, the glass-coating material 
has a working temperature higher than the operat- 

25 ing temperature of the solid oxide fuel cell. 

The glass-containing material in a slurry state 
is made into a green sheet by a doctor blade 
method, and the green sheet is cut into strips. The 
cutting step is carried out on consideration of the 

30 shrinkage factor of the green sheet such that the 
strips will have a thickness equal to the addition of 
the thickness of the fuel or air electrodes 1 or 3 
and the thickness of the conductive joining agent 9 
(see Fig. 2) and have a shape corresponding to the 

35 gas sealing portions 7 of the interconnectors 5 (see 
Fig. 1) after a heating process. While being nipped 
by a fire-resisting article which has a flat surface 
and does not react to glass, the green sheet strips 
are subjected to a high-temperature heating pro- 

40 cess (including degreasing) to vaporize the binder 
and other organic substances. In this way. thin 
glass strips 8 which contain no organic substances 
are obtained. The temperature of the heating pro- 
cess depends on the characteristics of the glass 

45 contained in the material. The heating process is 
carried out at a temperature where the glass does 
not melt, does not fuse and does not stick to the 
fire-resisting article. The thin glass strips 8 can be 
obtained not only in the above procedure but also 

50 in the following procedure: the green sheet is 
shaped to have a thickness which will be equal to 
the addition of the thickness of the fuel or air 
electrodes 1 or 3 and that of the conductive joining 
agent 9 after a heating process. Then, the shaped 

55 green sheet is subjected to a heating process to be 
turned into a glass mother plate, and the glass 
mother plate is cut into strips 8 of a shape cor- 
responding to the gas sealing portions 7. 
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Sections of the glass strips 8 were examined 
with an SEM, and It was detected that they were 
fine glass with no voids. 

The glass strips 8 are coated with an adhesive 
on both sides. Then, the glass strips 8 are placed 
among the interconnectors 5 and the generating 
section 4 such that the coated sides thereof come 
into contact with the gas sealing portions 7 of the 
interconnectors 5 and the edges of the solid elec- 
trolyte 2 of the generating section 4. Thereafter, 
while being loaded with a proper weight, these 
members are burned at a temperature of 1100 . 
and a cell is obtained. After the burning, a section 
of the cell was examined with an SEM, and glass 
layers with an even thickness and no voids were 
detected. It was not seen that glass came out of 
the joints and contaminated the generating section 
4 and the interconnectors 5. 

Various kinds of glass can be processed in this 
method. Therefore, a proper kind of glass can be 
selected considering the coefficient of thermal ex- 
pansion of the articles to be joined and the tem- 
perature of the joining process, and the kind of 
glass can be processed into a plate easily and at 
low cost. 

According to the method, a glass plate is made 

by heating a green sheet containing glass powder, 
and therefore, the glass plate can be made to have 
any thickness easily. 

Third Embodiment 

A third embodiment is a method using a green 
sheet of a mixture of glass and ceramics to con- 
nect the gas sealing portions of the interconnectors 
and the generating section. The third embodiment 
is described with reference to Figs. 1 and 2. 

A proper volume of powdery glass-containing 
material, such as silica-containing material, and a 
proper volume of ceramic material which has a 
coefficient of thermal expansion substantially equal 
to those of the parts 1 . 2 and 3 of the generating 
section 4 are mixed. Then, a proper volume of 
binder (polyvinyl butyral binder) and a proper vol- 
ume of solvent (ethanol or toluene) are added to 
the mixture of glass and ceramics, and thereby, the 
mixture is changed into slurry. The mixture in a 
slurry state is made into a green sheet by a doctor 
blade method. 

The green sheet is cut into strips 8 of a shape 
corresponding to the connecting portions, that is, 
the gas sealing portions 7 of the interconnectors 5 
and the edges of the solid electrolyte 2 of the 
generating section 4. The glass-ceramic strips 8 
are coated with an adhesive not containing a sol- 
vent on both sides, and the strips 8 are put among 
the interconnectors 5 and the generating section 4 
such that the coated sides thereof come into con- 
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tact with the gas sealing portions 7 of the intercon- 
nectors 5 and the solid electrolyte 2. Thereafter, 
while being loaded with a proper weight, these 
members are burned at a temperature of 1000'C. 

5 After the burning, sections of the joints were exam- 
ined. It was detected that a glass-ceramic layer 
with an even thickness was formed in each of the 
joints, and it was not seen that glass came out of 
the joints and contaminated the generating section 

10 4 and the interconnectors 5. 

In the method, since a glass-ceramic green 
sheet is used as the joining agent, when a weight 
is applied, the joining agent does not come out of 
the connecting portions. By using a green sheet as 

75 the joining agent, the joining agent can be placed 
accurately on any surface, even a surface of a 
complicate shape, and can form a joining layer with 
an even thickness. Also, ceramics contained in the 
green sheet forms a porous frame and roughly fills 

20 the space between the connecting surfaces, while 
glass contained in the green sheet fills minute 
pores. Thus, the mixture of glass and ceramics 
functions as a sealant effectively. Further, the ce- 
ramic porous frame acts as a holder of melted 

25 glass, thereby preventing the glass from flowing 
out. Therefore, the glass-ceramic sealant is effec- 
tive for a long time. 

Although the present invention has been de- 
scribed in connection with the preferred embodi- 

30 ments above, it is to be noted that various changes 
and modifications are possible to those who are 
skilled in the art. Such changes and modifications 
are to be understood as being within the scope of 
the present invention. 

35 

Claims 

1. A method of producing a solid oxide fuel cell, 
the method comprising the steps of: 

40 putting a glass-containing member (8) be- 

tween an edge of an interconnector (5) and an 
edge of a generating section (4) which is 
formed by a fuel electrode (1), a solid elec- 
trolyte (2) and an air electrode (3): and 

45 connecting the edge of the interconnector 

(5) to the edge of the generating section (4) by 
heating and fusing the glass-containing mem- 
ber (8) and thereafter cooling the glass-con- 
taining member (8). 

50 

2, A method as claimed in claim 1, wherein: 

the glass-containing member (8) is a green 
sheet made of a glass-containing material. 

55 3. A method as claimed in claim 2, wherein: 

the green sheet (8) contains glass powder 
whose main constituent is silica. 
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4. A method as claimed in claim 1, wherein: 

the glass-containing member (8) is a thin 
plate made of a glass-containing material. 

5. A method as claimed in claim 4, wherein: 5 

the thin plate (8) is obtained by subjecting 
a green sheet containing glass powder to a 
heating process. 

6. A method as claimed in claim 4, wherein: to 

the thin plate (8) is obtained by subjecting 
a green sheet containing glass powder whose 
main constituent Is silica to a heating process. 

7. A method, as claimed in claim 1, wherein: 75 

the glass-containing member (8) is a green 
sheet made of a mixture of glass and ceram- 
ics. 

8. A method as claimed in claim 7, wherein: 20 

the green sheet (8) contains glass powder 
whose main constituent is silica. 
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